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配合物 缩写 代码 
乙醇酸 H2glyc  
氨三乙酸 H3nta  
[Ti2(O2)2(glyc)2(H2O)4]·2H2O  1 
(NH4)6[Ti4(O2)4O2(glyc)4(Hglyc)2]·4H2O  2 
(NH4)6[Ti4(O2)4O2(glyc)4(Hglyc)2]·7H2O  3 
(NH4)4[Ti2O(O2)2(nta)2]·4H2O  4 
K4[Ti2O(O2)2(nta)2]·6H2O  5 
Sr2[Ti2O(O2)2(nta)2]·10H2O  6 









































构表征了三种过氧乙醇酸钛 (IV)配合物 : [Ti2(O2)2(glyc)2(H2O)4]·2H2O (1), 
(NH4)6[Ti4(O2)4O2(glyc)4(Hglyc)2]·xH2O (x = 4, 2; x = 7, 3)和四种过氧氨三乙酸钛
(IV)配合物 4-7: Mn[Ti2O(O2)2(nta)2]·xH2O (M = NH4, n = 4, x = 4, 4; M = K, n = 4, 




合物 2 和 3 均为四核结构。在配合物 1 中，乙醇酸配体完全质子化，并以 α-烷
氧基和 α-羧基同 Ti(IV)配位；配合物 2 和 3 则存在两种不同配位模式的乙醇酸配
体，一种以 α-烷氧基和 α-羧基同 Ti(IV)配位；另一种以 α-羧基上的两个氧原子






3.配合物在不同温度下煅烧，得到的产物进行 XRD 和 Raman 光谱表征。有
意思的是，双核配合物 1 在 500 和 600 oC 时热分解得到亚稳态的锐钛矿型 TiO2
纯相；而配合物 2-4 在 700 oC 时得到稳定的金红石型 TiO2 纯相；配合物 6 和 7






















Peroxotitanate(IV) complexes are the important species in selective oxidation 
and useful precursors for preparing titanium-based mixed oxides. In order to 
understand the chemical nature of peroxo species, we have selected the 
Ti(IV)-H2glyc-H2O2 and Ti(IV)-H3nta-H2O2 systems，which resulted in the isolations 
of seven new complexes: [Ti2(O2)2(glyc)2(H2O)4]·2H2O (1), 
(NH4)6[Ti4(O2)4O2(glyc)4(Hglyc)2]·xH2O (x = 4, 2; x = 7, 3), 
Mn[Ti2O(O2)2(nta)2]·xH2O (M = NH4, n = 4, x = 4, 4; M = K, n = 4, x = 6, 5; M = Sr, 
n = 2, x = 10, 6; M = Ba, n = 2, x = 10, 7). 
Glycolato peroxotitanate(IV) complexes 1, 2, and 3 were isolated in pure forms 
from the solutions of glycolato titanate(IV) and H2O2. The formations of glycolato 
peroxotitanate(IV) complexes depend mainly on the pH value of the solutions, that is, 
pH 1.0 1, pH 4.0 for 2, and pH 5.0 for 3. Complex 1 is a dinuclear neutral complex 
containing two Ti(O2)(H2O)2 cores, which are linked by two fully protonated 
glycolate ligands. Complexes 2 and 3 comprise the same tetranuclear titanium anion 
structures, which consist of two Ti2(O2)2 cores inter-linked through the two bridged 
oxygen atoms. In each Ti2(O2)2 core, the glycolate ligands exhibit two different 
protonated forms and coordination modes, one of them coordinates to the titanium 
atom via the fully deprotonated α-alkoxyl and α-carboxyl groups, while the other 
glycolate ligand bound to the adjacent titanium ions via its two oxygen atoms of 
carboxyl group, leaving the α-hydroxyl group free. The titanium atoms in complexes 
1, 2, and 3 are all seven-coordinated in a pentagonal bipyramidal environment. 
All the four complexes 4-7 have the same anion structure isolated in pH 2.0-4.0 
which has two titanium(IV) ions interlinked through a bridging oxygen atom. Each 
titanium(IV) is coordinated with a tetradentate nitrilotriacetate and a peroxo group. 
Both of the two titanium atoms are seven-coordinated in a pentagonal bipyramidal 
environment. 
Different mixed oxides were obtained from the decomposition of six complexes 














spectra of oxides showed the different phases of oxides. The decomposition of 
complex 1 resulted in the formation of a pure anatase-type titanium dioxide at 500 oC. 
Complexes 2, 3, and 4 resulted in the formations of pure rutile-type titanium dioxide 
at 700 oC. Complex 6 and 7 resulted in the pure strontium titanate and tetragonal 
barium titanate at 700 oC, respectively. 
 
















































第一章 绪 论 
1.1 钛过氧化物的物种研究 
在 1970 年 D. Schwarzenbach 报道了第一个钛的过氧化物的晶体结构前，人
们曾对溶液中过氧钛的存在形式进行了研究和假设。Mühlebach，Müller 和 G.. 
Schwarzenbach研究认为溶液中Ti(IV)与H2O2反应所形成的物质是一个双核的结
构[1]。它包含一个[Ti2(O2)2O]2+离子。这个结构表明两个金属原子是通过一个 μ-
氧原子和两个 μ-过氧基团桥连而成。这个假设的结构如图 1.1-a 所示，每个 Ti(IV)
再通过与 H2O 或配体形成六配位。这样的结构看似可能存在，但是 后经过理
论计算表明这种假设是错的[2]。假设中在[Ti2(O2)2O]2+离子里作为桥连的基团可
能是超氧基团而不是过氧基团。而另外一种过氧钛（如图 1.1-b 所示）的可能存
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报道了的钒、钼等过渡金属的过氧化物。表 1.1 中列出了这十四种配合物 Ti-O(O2)
键、O-O 键的平均键长数据。 



















No. Compound Ti-O(O2) O-O(O2) Ref
1 [Ti(O2)(pic)2(hmpt)] 1.848(4) 1.419(6) 3 
2 [Ti(O2)(2.3-hpzdc)(acac)(hmpt)]·hmpt 1.850(4) 1.437(8) 4 
3 [Ti(O2)(tspa)2(py)] 1.853(3) 1.465(3) 5 
4 [Ti(O2)(dpic)(H2O)2]·2H2O(t)* 1.846(2) 1.464(2) 6 
5 [Ti(O2)(dipic)(H2O)2]·2H2O(o)* 1.833(1) 1.458(2) 7 
6 K2[Ti(O2)(dipic)F2]·2H2O 1.854(5) 1.463(6) 6 
7 [Ti(O2)(tacnMe3)(NCO)2] 1.818(5) 1.348(5) 8 
8 K2[{Ti(O2)(dipic)(H2O)}2(μ-O)]·3H2O 1.889(7) 1.45(1) 1 
9 Na4[{Ti(O2)(nta)}2(μ-O)·11H2O 1.891(2) 1.469(3) 9 




11 [Ti(O2)(oep)] 1.825(4) 1.445(5) 11
12 (NH4)8[Ti4(cit)4(O2)4]·8H2O 1.878(2) 1.464(4) 12
13 Ba2(NH4)2[Ti4(O2)4(Hcit)2(cit)2]·10H2O 1.863(4) 1.423(4) 13
14 (NH4)4[Ti2(O2)2(cit)2]·2H2O 1.871(2) 1.454(3) 14










































































































































































Figure 1.2 Structure of a:(NH4)8[Ti4(cit)4(O2)4]·8H2O (12), 














































































Figure 1.3 Structure of a:[Ti(O2)(pic)2(hmpt)] (1), 
b:[Ti(O2)(2.3-hpzdc)(acac)(hmpt)]·hmpt (2), c: [Ti(O2)(tspa)2(py)] (3), 
d:K2[Ti(O2)(dipic)F2]·2H2O (6), e:[Ti(O2)(tacnMe3)(NCO)2] (7). 
 
羧基与钛配位分别形成双核和四核的过氧柠檬酸钛物种。配合物 12 和 13 的差别

















































































Figure 1.4 Structure of a:K2[{Ti(O2)(dipic)(H2O)}2(μ-O)·3H2O (8), 
b:Na4[{Ti(O2)(nta)}2(μ-O)·11H2O (9), c:[{Ti(tert-BuOO)(μ-toea)}2]·3CH2Cl2 (10) 
and d:[Ti(O2)(oep)] (11). 
 
配合物 8 和 9 与配合物 10 均是双核结构，它们的差别在于配合物 8 和 9 利
用桥氧连接两个钛原子，而配合物 10 则是以配体上的氧为桥氧连接而成，形成




































好的晶体结构的钛酸钡材料。这种方法称为 Pechini 方法。Pechini 方法是基于碱
金属、碱土金属、过渡金属甚至是非金属与双齿或三齿配体如柠檬酸形成配合物
的一种方法[36-39]。这种方法也称为聚合物前驱体法。与溶胶－凝胶法相比，
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